ABSTRACT The tetrodotoxin binding component of the voltage-sensitive sodium channel from Electrophorus electricus electroplax was purified by using a monoclonal antibody. An impure preparation oftetrodotoxin binding component was mixed with the pure monoclonal antibody, and the immune complex so formed was isolated by affinity chromatography on a protein A-Sepharose column. Excess antibody was removed by ion-exchange chromatography. The purified material has a specific activity of over 1j800 pmol of [ H] Mrs of -95,000, z44,000, and =23,000.
Mrs of -95,000, z44,000, and =23,000.
The action potential of excitable tissue results from transient changes in the permeability of the membranes to Na' and K+ ions (1). The increase in Na' conductance is mediated through a voltage-regulated Na' channel (reviewed in refs. 2 and 3), which can be studied using the specific neurotoxins tetrodotoxin (TTX) and saxitoxin. These toxins bind reversibly and with high affinity to part ofthe Na' channel involved in Na' permeation; they block ion conductance but do not perturb the structures involved in channel gating.
The TTX binding component of this channel has been solubilized and partially purified from the electric organ of Electrophorus electricus (4, 5) , from the sarcolemma of rat skeletal muscle (6) , and from mammalian brain (7, 8) . Agnew et al. sug- gested that a polypeptide of M, 250,000 constituted part of the Na' channel, for TTX binding activity was correlated in a number of fractionation procedures with the appearance of this component on NaDodSO4/polyacrylamide gels (5). Hartshorne and Catterall, using lectin affinity chromatography, obtained a partial purification of material.from rat brain and identified protein components ofMrs 270,000 and 38,000 (7). Barchi et al, using a similar approach, showed that in rat muscle peptides of Mr 64,000, 60,000, and 54,000 are components of a sarcolemma Na' channel preparation (6) , although the same authors in a recent report (9) have stated that their preparation contains a large glycoprotein that runs anomalously as a diffuse band at positions between MrS 140,000 and 220,000, a Mr 45,000 component, and a doublet at Mr 37,000 (data not shown).
Additional insight into Na' channel peptide composition has come from studies with polypeptide toxins that bind to a voltage-sensitive site on the channel. Beneski were prepared as described (4). L-a-Phosphatidylcholine (type V-F from egg yolk) and chromatography media were from Sigma. Purified Staphylococcus aureus protein A and protein A-Sepharose 4B-CL were obtained from Pharmacia. All other materials were obtained as described (4) .
IgG from the hybridoma clone VD10 (11) was purified from ascites tumor fluid by a slight modification of the procedure of Ey et al. (12) : 0.1 M sodium phosphate (pH 8) containing 0.05% NaN3 was added to an equal volume of ascites fluid, which was then circulated through a protein A-Sepharose 4B-CL column for at least 2 hr; the column was then extensively washed with the phosphate buffer, and pure antibody was eluted from the column with 0.1 M sodium citrate (pH 5.0) containing 0.05% NaN3. The fractions containing protein were pooled, the pH was adjusted to 7.5 with 1 M NaOH, and the mixture was dialyzed against 1 liter of 0.1 M sodium phosphate (pH 7.5) containing 0.05% NaN3 for 3 hr with three changes. After dialysis, the IgG was concentrated to 1.5 ml by membrane ultrafiltration (Amicon XM-50, 15-20 psi; 1 psi = 6,895 Pa).
A partially purified preparation ofTTX binding component, obtained by ion-exchange chromatography, was used as the starting material for incubation with VD10 IgG (11) and subsequent purification by protein A-Sepharose chromatography. This was prepared by a modification of the procedure ofAgnew Abbreviations: TTX, tetrodotoxin; Lubrol/PtdCho, Lubrol/phosphatidylcholine (7:1 molar ratio). * Present address: Faculty of Pharmaceutical Sciences, Hokkaido Univ., Sapporo 060, Japan. t To whom reprint requests should be addressed.
The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisenent" in accordance with 18 U. S. C. §1734 solely to indicate this fact. et al. (4): packed eel electroplax membranes were obtained as described (5) except that 5 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, and 1 mM iodoacetamide were added. A 1% Lubrol-PX extract ofthese membranes was treated with DEAESephadex as described (4) Fig. 1 ; C, peak fraction (no. 19) of the pH 6 elution in Fig. 1; D, (4) with a batch ion-exchange chromatography procedure followed by Sepharose 6B chromatography. The specific activities of the peak fractions after rechromatography on a Sepharose 6B column ranged from 1,730-2,150 pmol of [3H]-TTX bound per mg ofprotein. This preparation will be referred to as preparation II.
Protein concentration was determined by the fluorescamine method (13) with bovine serum albumin as standard.
[3H]TTX binding was measured by the rapid gel filtration method as described (4). Electrophoresis was performed under reducing conditions (50 mM dithiothreitol) with a linear gradient (4-15%) ofpolyacrylamide (14) . Gels were either stained with Coomassie brilliant blue or by the silver stain method of Oakley et al. (15) .
RESULTS
Purification Procedure. The purification scheme used for the TTX binding component solubilized from eel electroplax membranes is summarized in Table 1 . The introduction of an immunoaffinity purification step that used the monoclonal antibody secreted by the hybridoma clone VD10 (11), after an ionexchange purification step, resulted in a 130-fold purification of the TTX binding component over the initial detergent extract, yielding a preparation that had a specific activity 1.5-fold greater than previously obtained.
Protein A-Sepharose chromatography. The immune complex formed by incubating the purified monoclonal antibody VD10 and preparation I was separated by affinity chromatography with a protein A-Sepharose conjugate. A large excess of antibody (11 ,M) over TTX binding sites (0.43 ,.M) was used to facilitate rapid and complete immune complex formation.
[3H]TTX (1 AM) was added to this incubate to stabilize the TTX The impure immune complex preparation was passed through a protein A-Sepharose column at pH 7.5 (Fig. 1) . The TTX binding activity (33%) retained by the column at pH 7.5 was eluted at pH 6, and the NaDodSO4/polyacrylamide gel pattern for these fractions indicated that a substantial purification had been achieved (Fig. 2, lane C) , although a large excess offree IgG was coeluted with the immune complex. Later fractions eluted at pH 6 contained only antibody (Fig. 2, lane  D) .
DEAE-Sephadex chromatography. The excess IgG was separated from the purified immune complex by a further ion-exchange procedure. Fractions eluted at pH 6 from the protein A column and containing [3H]TTX binding activity were pooled and passed through a small (1 ml) DEAE-Sephadex column (Fig. 3) . The [3H]TTX binding activity was recovered from the resin by increasing the ionic strength to 0.4 M NaCl. The overall recovery of both protein and binding activity was 50% (see Table 1). Inspection ofthe NaDodSO4/polyacrylamide gel pattern ofthe fractions not retained by the resin indicated the exclusive presence of IgG (data not shown).
Because IgG was present in the most active fractions (Fig.  4 , lanes C and F), it is likely that the immune complex was eluted from the column with 0.4 M NaCl and that it did not dissociate under these conditions. Indeed, it was difficult to dissociate the immune complex without destroying the highly labile [3H]TTX binding activity.
The highest specific activity obtained for the immune com- (Fig. 1) were pooled, 1 pM [5HTMIX was added, and the sample was titrated gently to pH 7.5 with 1 M NaOH at 4°C; 0.1 M NaCl was added (final volume, 13.7 mls.). This material was passed through a 1-ml DEAE-Sephadex A-25 column, which had been preequilibrated with 0.1 M sodium phosphate containing 0.1% Lubrol/ PtdCho, 0.05% NaN3, protease inhibitors, 0.1 $M [HTlITX, and 0.1 M NaCl (pH 7.5), at 30 ml/hr (2-ml fractions were collected). After loading, the column was washed with 17.5 ml of this buffer. The Fig. 4) . The Coomassie blue-stained gels were scanned at 555 nm, and the silver-stained gels were scanned at-600 nmwith a Gilford model 240 Table 1 ), which represents 75% of the theoretical specific activity of a pure preparation based on the assumption of one mole of TTX bound per 250,000 daltons of protein.
Polypeptile Composition of the TTX-Binding Component. The NaDodSO04/polyacrylamide gel pattern of the immune complex preparation is shown in Fig. 4 , lane C. For comparison, the starting material-preparation I (Fig. 4, lane A) -and the material purified by conventional methods-preparation .II (Fig. 4, lane B) (4) -are also shown. Densitometric scans of these Coomassie-blue stained gels are shown in Fig. 5 A (a scan of lane C in Fig. 4) and B (a scan oflane B in Fig. 4) . Apart from the IgG bands, the immune complex preparation showed a much simpler gel pattern than did preparation II (4); the major polypeptide present was of Mr 250,000.
NaDodSO4/polyacrylamide gels were also subjected to the more sensitive silver staining method (15) . The. gel patterns (Fig. 4 , lanes D, E, and F; Fig. 5 Cand D) show the purity of the material obtained (Fig. 4, lane F) . It is worthwhile noting that the specific activity of preparation II (Fig. 4 , lane E; 1,870 pmol/mg of protein) was approximately the same as the uncorrected specific activity of the immune complex preparation (Fig. 4 , lane F; 1,811 pmol/mg of protein). In addition, the specific activities obtained for preparation II in the present report are comparable to those reported previously (4, 5) .
The results of five immune complex preparations gave a gel pattern essentially similar to those in Fig. 4 , lane F and Fig.  5C . Apart from the antibody bands, the major protein species present was a diffuse band of Mr 250,000 that was associated with sometimes one, sometimes two sharp bands, less intensely stained. In addition, minor bands with Mrs of 95),000 (doublet), -44,000, and =23,000 were always observed. Occasionally, a varying number ofbands of Mrs 40,000-and 50,000 were observed, but these were minor contaminants of the IgG (data not shown). DISCUSSION This report. demonstrates the use of the antibody secreted by the monoclonal hybridoma line VD10 (11) Examination of the NaDodSO4/polyacrylamide gel pattern demonstrated that the immune complex preparation was highly purified, as suggested by its high specific activity. The large molecular weight species (Mr, --250,000), previously shown to be a component of the eel Na' channel (4, 5) predominated. Peptides with Mrs of 95,000 (doublet), =44,000, and =23,000 were also present, although in low amount. Interestingly the components with Mrs of -95,000 and =44,000 are present in preparations I and II in much larger quantities, suggesting that these may be contaminants.
A large molecular weight species (Mr, 270,000) was shown to be a component of the rat brain Na' channel (7, 10) . In addition, a low molecular weight species (Mr, 33,000-38,000) was observed in those studies. Recently, Weigele and Barchi (9) have claimed that a large glycoprotein is present in a rat muscle sarcolemma Na' channel preparation, in addition to lower molecular weight components. To what extent the low molecular weight components observed in these two studies correlate with the low molecular weight peptides identified in the present report is unclear. It would appear, however, that the major structural species of the Na' channel TTX binding component is a high molecular weight glycopeptide (Mr. =250,000). The purification procedure outlined in the present report offers the best available method for obtaining this high molecular weight polypeptide from eel electroplax of purity sufficient for structural studies.
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